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Description 
[UNDER-BALL-METALLURGY LAYER] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 91125098, filed October 25, 2002. 
Background of Invention 

[0002] Field of Invention 

[0003] The present invention relates to an under-ball-metallurgy 
layer. More particularly, the present invention relates to an 
under-ball-metallurgy layer structure capable of increas- 
ing the bonding strength between the bonding pad on a 
chip and a solder bump. 

[0004] Description of Related Art 

[0005] Flip chip bonding technique is a method of joining a chip 
with a substrate or a printed circuit board (PCB). The chip 
has an active surface with a plurality of bonding pads ar- 
ranged into an array. Each bonding pad on the chip has an 
under-ball-metallurgy layer (UBM) and a solder bump. 



Hence, the solder bumps may connect with a correspond- 
ing set of contact pads on the substrate or printed circuit 
board when the chip is flipped over. Note that the flip chip 
technique is able to produce a high-pin-count package 
with a smaller overall area and a shorter circuit length. 
Consequently, most semiconductor manufacturers have 
adopted the flip chip technique to fabricate chip pack- 
ages, especially the high pin count packages. 

[0006] pig. 1 is a schematic cross-sectional view of a portion of a 
conventional flip chip. As shown in Fig. 1, the flip chip 
100 includes a chip 110, an under-ball-metallurgy layer 
120 and a plurality of solder bumps 130 (only one is 
shown). The chip 110 has an active surface 112 with a 
passivation layer 114 and a plurality of bonding pads 116 
thereon. The passivation layer 114 exposes the bonding 
pads 116. Note that the active surface 112 of the chip 110 
is the side of the chip 110 having most active devices. The 
under-ball-metallurgy layer 120 is formed between the 
bonding pad 116 and the solder bump 130 to serve as a 
junction interface. 

[0007] The under-ball-metallurgy layer 120 further includes an 
adhesion layer 122, a barrier layer 124 and a wettable 
layer 126. The adhesion layer 122 is fabricated using a 



material such as aluminum or titanium for boosting the 
bonding strength between the bonding pad 116 and the 
barrier layer 124. The barrier layer 124 is fabricated using 
a material such as nickel-vanadium alloy for preventing 
the diffusion of metallic atoms from a metallic layer above 
the barrier layer 124 to a metallic layer below the barrier 
layer 124 and vice versa. The wettable layer 126 is fabri- 
cated using a material such as copper for boosting the 
wetting capacity of the under-ball-metallurgy layer 120 
towards solder bump 130 material. Note that lead-tin al- 
loy is normally used to fabricate the solder bump 130 due 
to its greater overall bonding strength. However, because 
of possible pollution of the environment, lead-free solder 
material is often adopted. In general, both lead- 
containing and lead-free material contains tin as a princi- 
ple ingredient. 

[0008] if copper is a major constituent of the wettable layer 126, 
tin within the solder bump 130 may react with copper in- 
side the wettable layer 126 during a reflow process and 
lead to the formation of inter-metallic compound (IMC), in 
other words, Cu Sn . Gradually, an inter-metallic com- 
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pound (IMC) layer (not shown) is formed between the wet- 
table layer 126 and the solder bump 130. In addition, if 



nickel-vanadium alloy is a major constituent of the barrier 
layer 124, tin within the solder bump 130 may first react 
with copper inside the wettable layer 126 to form an in- 
ter-metallic compound (IMC) Cu Sn . Thereafter, tin 
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within the solder bump 130 may continue to react with 
nickel within the barrier layer 124 to form another inter- 
metallic compound Ni Sn Note that tin within the solder 
bump 130 and nickel within the barrier layer 124 react to 
produce inter-metallic compound Ni Sn , which is lumpy 
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and discontinuous, after a long reflow process. In the 
presence of the lumpy inter-metallic compound, bonding 
strength of the solder bump 130 to the underlying under- 
ball-metallurgy layer 120 is weakened. Hence, the solder 
bump 130 may peel off from the chip leading to a deteri- 
oration of product reliability and yield. 
Summary of Invention 

[0009] Accordingly, one object of the present invention is to pro- 
vide an under-ball-metallurgy layer between a bonding 
pad of a chip and a solder bump for reducing the growth 
rate of inter-metallic compound Ni Sn^ Ultimately, bond- 
ing strength between solder bump and bonding pad can 
be maintained for a very long time and working life of as- 
sociated chip package can be extended. 



°] To achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides an un- 
der-ball-metallurgy layer structure between a bonding 
pad of a chip and a tin-based solder bump. The under- 
ball-metallurgy layer at least includes an adhesion layer 
over the bonding pad, a nickel-vanadium layer over the 
adhesion layer, a wettable layer over the nickel-vanadium 
layer and a barrier layer over the wettable layer. The bar- 
rier layer prevents the penetration of nickel atoms from 
the nickel-vanadium layer and reacts with tin within the 
solder bump to form inter-metallic compound. In addi- 
tion, the barrier layer is fabricated using a material se- 
lected from a group consisting of nickel, iron and cobalt. 
Furthermore, the under-ball-metallurgy layer may include 
another wettable layer over the nickel-vanadium layer. 

1 ] This invention also provides an alternative under- 
ball-metallurgy layer structure between a bonding pad of 
a chip and a tin-based solder bump. The under- 
ball-metallurgy layer at least includes an adhesion layer 
over the bonding pad, a wettable layer over the adhesion 
layer and a nickel-vanadium layer over the wettable layer. 
The nickel-vanadium layer may react with tin within the 



solder bump to form inter-metallic compound. Further- 
more, the under-ball-metallurgy layer may include an- 
other wettable layer over the nickel-vanadium layer. 
[0012] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0013] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0014] pig. 1 is a schematic cross-sectional view of a portion of a 
conventional flip chip. 

[0015] pig. 2A is a schematic cross-sectional view of a first un- 
der-ball-metallurgy layer structure between the bonding 
pad of a chip and a solder bump according to one pre- 
ferred embodiment of this invention. 

[0016] Fig. 2B is a schematic cross-sectional view of a first un- 
der-ball-metallurgy layer structure between the bonding 
pad of a chip and a solder bump just like the one in Fig. 



2A but with the addition of a wettable layer. 

[0017] pig. 3A is a schematic cross-sectional view of a second 

under-ball-metallurgy layer structure between the bond- 
ing pad of a chip and a solder bump according to one 
preferred embodiment of this invention. 

[0018] pig. 3B is a schematic cross-sectional view of a second 

under-ball-metallurgy layer structure between the bond- 
ing pad of a chip and a solder bump just like the one in 

Fig. 3A but with the addition of a wettable layer. 
Detailed Description 

[0019] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0020] Fig. 2A is a schematic cross-sectional view of a first un- 
der-ball-metallurgy layer structure between the bonding 
pad of a chip and a solder bump according to one pre- 
ferred embodiment of this invention. The flip-chip pack- 
age 200 in Fig. 2A includes a chip 210, a composite un- 
der-ball-metallurgy layer 220 and a plurality of solder 
bumps 230 (only one is shown). The chip 210 has an ac- 



tive surface 212 having a passivation layer 214 and a plu- 
rality of bonding pads 216 (only one is shown) thereon. 
The passivation layer 214 exposes the bonding pads 216. 
Note that the chip 210 is fabricated using a semiconduc- 
tor material such as silicon, germanium, silicon/ger- 
manium, gallium/arsenic, gallium/phosphorus, indium/ 
arsenic or indium/phosphorus. The active surface 212 is 
the side of the chip 210 having the most active devices. 
The passivation layer 214 is fabricated using an inorganic 
substance such as silicon oxide, silicon nitride or phos- 
phosilicate glass (PSG). The passivation layer 214 can also 
be a composite layer comprising a stack of inorganic ma- 
terial layers. The bonding pads 216 are fabricated using a 
metallic material such as aluminum, copper or an alloy of 
the two. In addition, the under-ball-metallurgy layer 220 
serves as a junction interface between the bonding pad 
216 and the solder bump 230. 
[0021] As shown in Fig. 2A, the under-ball-metallurgy layer 220 
further includes an adhesion layer 222, a nickel-vanadium 
layer 224, a wettable layer 226 and a barrier layer 228. 
The adhesion layer 222 provides a good bondability be- 
tween the under-ball-metallurgy layer 220 and the bond- 
ing pad 216. In general, the adhesion layer 222 is fabri- 



cated using a material such as titanium, tungsten, tita- 
nium-tungsten alloy or chromium. However, the adhesion 
layer 222 may also be a composite layer fabricated using 
some of the aforementioned materials as well. The adhe- 
sion layer 222 is formed, for example, by sputtering over 
the bonding pad 216 of the chip 210 to a thickness be- 
tween about 0.1 to lum. The nickel-vanadium layer 224 
is formed, for example, by sputtering over the adhesion 
layer 222 to a thickness between about 0.1 to lum. The 
wettable layer 226 is formed over the nickel-vanadium 
layer 224 in an electroplating/electroless plating or a 
sputtering and electroplating/electroless plating opera- 
tion. The wettable layer 226 is able to wet the bump ma- 
terial so that bonding strength between the two is im- 
proved. The wettable layer 226 having a thickness be- 
tween about 0.3 to lum is fabricated using a material 
such as copper, nickel, iron, cobalt or an alloy of the met- 
als. 

[0022] a s shown in Fig. 2A, the barrier layer 228 is formed over 
the wettable layer 226. Since the barrier layer 228 mainly 
serves to prevent nickel atoms within the nickel-vanadium 
layer 224 from diffusing into the solder bump 230, the 
barrier layer 228 must have properties for blocking nickel 



penetration. The barrier layer 228 is fabricated using a 
material such as nickel, iron, cobalt or an alloy of the 
metals. The barrier layer 228 can also be a composite 
layer that includes a stack of metallic layers fabricated us- 
ing the metals or an alloy of the metals. The barrier layer 
228 having a thickness between about 0.3 to lum is 
formed over the wettable layer 226, for example, by elec- 
troplating. Tin within the solder bump 230 may react with 
the barrier layer 228 to form an inter-metallic compound 
that reduces the growing rate of inter-metallic compound 
Ni Sn resulting from a reaction between the tin within the 
solder bump 230 and the nickel within the nickel- 
vanadium layer 224. 
[0023] As shown in Fig. 2A, the solder bump 230 is formed over 
the under-ball-metallurgy layer 220. The solder bump 
230 is fabricated using a material such as lead-tin alloy. 
In general, the solder bump 230 may contain 63% of tin 
and 37% of lead or 5% tin and 95% lead. The solder bump 
230 can also be a composite layer with each layer having 
one of the aforementioned lead-tin compositions. How- 
ever, the solder bump 230 can also be fabricated using a 
lead-free material, for example, tin, tin-copper alloy, tin- 
technetium alloy, tin-bismuth alloy, tin-indium alloy, tin- 



zinc alloy, tin-silver alloy, tin-bismuth-silver alloy, tin- 
bismuth-technetium alloy, tin-bismuth-zinc alloy, tin- 
bismuth-indium alloy or tin-silver-copper alloy. Note that 
the principle goal of this invention is to provide an under- 
ball-metallurgy layer 220 capable of preventing the for- 
mation of lumpy and discontinuous inter-metallic com- 
pound due to a reaction between the nickel within the 
nickel-vanadium layer 224 and the tin within the tin- 
based solder bump 230. 
[0024] pig. 2B is a schematic cross-sectional view of a first un- 
der-ball-metallurgy layer structure between the bonding 
pad of a chip and a solder bump just like the one in Fig. 
2A but with the addition of a wettable layer. In Fig. 2A, the 
barrier layer 228 is formed over the wettable layer 226. 
When the material forming the barrier layer 228 cannot 
provide a good bonding strength between the under- 
ball-metallurgy layer 220 and the solder bump 230, an 
additional wettable layer 232 may form on the barrier 
layer 228 as shown in Fig. 2B. The added wettable layer 
232 may be fabricated using a material such as copper or 
copper alloy. Since the structural, material, processing 
and thickness relationship between various other layers 
within the under-ball-metallurgy layer 220 remain un- 



changed, detailed description of each layer is not repeated 
here. 

[° 025 ] Similarly, to reduce the formation of lumpy and discontin- 
uous inter-metallic compound due to reaction between 
the tin within the solder bump and the nickel within the 
barrier layer, this invention also provides a second under- 
ball-metallurgy layer design as shown in Figs. 3A and 3B. 

[0026] pig. 3A is a schematic cross-sectional view of a second 

under-ball-metallurgy layer structure between the bond- 
ing pad of a chip and a solder bump according to one 
preferred embodiment of this invention. The flip chip 
structure 300 in Fig. 3A includes a chip 310, a composite 
under-ball-metallurgy layer 320 and a plurality of solder 
bumps (only one is shown). Because the flip chip structure 
300 is very similar to the flip chip structure 200 in Fig. 2A, 
only the under-ball-metallurgy layer 320 is described in 
detail. The under-ball-metallurgy layer 320 mainly com- 
prises an adhesion layer 322, a wettable layer 324 and a 
nickel-vanadium layer 326. The adhesion layer 322 is 
formed over the bonding pad 316, the wettable layer 324 
is formed over the adhesion layer 322 and the nickel- 
vanadium layer 326 is formed over the wettable layer 324. 
The solder bump 330 is formed over the nickel-vanadium 



layer 326. Note that the wettable layer 324 and the 
nickel-vanadium layer 326 within the under- 
ball-metallurgy layer 320 are the same as the nickel- 
vanadium barrier layer 124 and the wettable layer 126 in 
Fig. 1 with their positions reversed. 

[0027] As shown in Fig. 3A, if the major constituent of the wet- 
table layer 324 is copper and the major constituent of the 
nickel-vanadium layer 326 is nickel-vanadium alloy, 
nickel within the nickel-vanadium layer 326 may react 
with tin within the solder bump to form inter-metallic 
compound Ni Sn after a thermal treatment (such as a re- 
flow process). However, the inter-metallic compound is no 
longer in a lumpy and discontinuous structure. Hence, the 
original bonding strength between the solder bump 330 
and the bonding pad 316 can be maintained for a very 
long time. In addition, a sputtering method may be em- 
ployed to form the nickel-vanadium layer 326 over the 
wettable layer 324 if the principle constituent of the 
nickel-vanadium layer 326 is nickel-vanadium alloy. 

[0028] pig. 3B is a schematic cross-sectional view of a second 

under-ball-metallurgy layer structure between the bond- 
ing pad of a chip and a solder bump just like the one in 
Fig. 3A but with the addition of a wettable layer. To in- 



crease the bonding strength between the under- 
ball-metallurgy layer 320 and the solder bump 330, an 
additional wettable layer 328 may form over the nickel- 
vanadium layer 326 just like the under-ball-metallurgy 
layer 220 shown in Fig. 2B. The wettable layer 328 is fab- 
ricated using a metallic material that can wet the solder 
bump 330 material such as copper or copper alloy. 
[0029] The first type of under-ball-metallurgy layer structure is 
an improvement on the nickel-vanadium barrier layer of a 
conventional under-ball-metallurgy layer. The first type of 
under-ball-metallurgy layer has an additional barrier layer 
formed over the wettable layer of a conventional under- 
ball-metallurgy layer for reacting with the tin within the 
solder bump to form an inter-metallic compound. Hence, 
growth rate of inter-metallic compound Ni 3 Sn 4 due to re- 
action between the tin within the solder bump and the 
nickel within the nickel-vanadium layer (nickel-vanadium 
alloy barrier layer) is effectively reduced. In this way, the 
original bonding strength between the solder bump and 
the bonding pad can be maintained for a very long time so 
that the solder bump rarely peels away from the under- 
ball-metallurgy layer. In other words, the ultimately 
formed chip package can have a longer working life. 



[0030] Similarly, the second type of under-ball-metallurgy layer 
structure is also an improvement on the nickel-vanadium 
barrier layer of a conventional under-ball-metallurgy 
layer. The second type of under-ball-metallurgy layer in- 
cludes a nickel-vanadium barrier layer and a wettable 
layer just like a conventional under-ball-metallurgy layer 
except that the position of the two layers are reversed. 
Hence, the nickel-vanadium layer is closer to the solder 
bump. During a reflow operation, nickel within the nickel- 
vanadium layer may react with tin within the neighboring 
solder bump to form an inter-metallic compound Ni 3 Sn 4 
no longer gathered into discontinuous lumps. In this way, 
the original bonding strength between the solder bump 
and the bonding pad can be maintained for a very long 
time so that the solder bump rarely peels away from the 
under-ball-metallurgy layer. In other words, the ulti- 
mately formed chip package can have a longer working 
life. 

[0031] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 



variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



